Abstract -Populations of red-legged partridges have been decreasing due to many factors such as the deterioration of their natural habitat or increasing hunting pressure and according to laws only pure red-legged partridges can be used to repopulate wherever necessary. Little information is available about the DNA sequence of the red-legged partridge. For this reason, it was necessary to carry out a comparative analysis with other avian species that have been studied in more detail, such as the chicken. Searching of single nucleotide polymorphisms (SNP) was used to analyse various genes in these species with respect to the red-legged partridge and chukar partridge in order to characterise and differentiate between these two species. The genes analysed were the growth hormone, 37LRP/p40 and MC1R genes. Many SNP were found between the chicken and partridges but translations of exonic regions were only different for the MC1R gene. Two interspecific SNP in partridges were found which can be used to differentiate between these two species in order to identify Alectoris chukar individuals and to avoid repopulating with them.
INTRODUCTION
The red-legged partridge (Alectoris rufa) is an avian species (Fig. 1 ) that can be found in the wild in the Iberian Peninsula, southern France and some parts of northern Italy and southern England. Their numbers have decreased in the past decades due to several factors, including the deterioration of their natural habitat and increasing hunting pressure. This species even appears in the list of species of European conservation concern because of its threat status [25] . As a result, efforts have been made to breed them in captivity to reintroduce or repopulate areas. Legally, only pure red-legged partridges can be used to repopulate and hunters prefer these animals because of their behaviour in the wild. However, many captive breeding farms use hybrid breeders that have been crossed with chukar (A. chukar) or rock partridges (A. graeca), in an attempt to increase productivity. The hybrids are often difficult to tell apart from the pure red-legged partridges and can reproduce normally in the wild, thereby contaminating the gene pool of native redlegged partridges.
Some attempts have been made to analyse the genetic makeup of A. rufa [3, 4, 8, 11, 17, 19, 21] , but more in depth studies are required, partly because of its economic value as a hunting game or meat production and its ecological importance.
Little is known about the DNA sequence of the red-legged partridge. Before this study there was only one nuclear gene sequence in the GenBank database [9] corresponding to intron G of the ovomucoid gene [2] and the rest corresponds to mitochondrial DNA sequences.
When little information is available about the genome of a species, it can be compared with fully sequenced genes from related species, in this case the chicken Gallus gallus [18, 22, 23] . The growth hormone gene in chickens was compared between the red-legged partridge and the chukar partridge, since they have different growth rates (greater in A. chukar compared to A. rufa). This enabled us to obtain more information about their gene sequences as well as to identify interspecific single nucleotide polymorphisms (SNP) in an intronic region. The gene of the growth hormone in chickens has five exons and four introns [24] and it is very polymorphic in this species [7, 13, 15, 26] .
Some primers that hybridise in the two consecutive exons of 37LRP/p40 of the G. gallus gene were also selected since this gene has the highest ratio of number of SNP per number of compared base pairs in an intronic region in a previous study on avian SNP [18] . The 37LRP/p40 gene is composed of 7 exons and 6 introns and it codes for the metastasis-associated 37LRP7/p40 protein [5] .
Finally, the MC1R (melanocortin 1-receptor) gene was selected to be studied because of the different plumage colour in different partridge species. Mutations of this gene are associated with feather colour in the chicken [12, 16] .
The objective was to look for SNP since they are abundant in the genome and their inheritance is more stable than other fragments, such as repeated sequences [14] .
MATERIALS AND METHODS
Samples from the red-legged partridge were obtained from different farms (26 samples) and wild individuals (4) in Spain. Chukar partridges were obtained from farms in Spain (6), Argentina (4), Cyprus island (2) and Greece (2) and wild individuals from Greece (6). DNA samples extracted from blood samples kept on FTA cards were used. Using this technique, 2 or 3 drops of blood are only required, minimising the contact and disturbance of the animals.
The sequences used in this study were sequences of the gene primers 37LRP/p40 that had already been used in other species in previous studies [18] and that hybridise on exons 5 and 6 of this gene (Tab. I). The software program Primer3 [20] was used to design the primers for the growth hormone and the MC1R gene (Tab. I).
The PCR reactions were carried out in a thermocycler MJ Research PTC/100 TM in a total volume of 25 µL with 0.75 units of Taq polymerase, 250 nM of each primer for the growth hormone gene and 500 nM of each primer for the 37LRP/p40 and the MC1R genes, 100 µM of each dNTP for the growth hormone gene and 200 µM of each dNTP for the 37LRP/p40 and the MC1R genes, 1.5 mM MgCl 2 and PCR buffer with 16.6 mM (NH 4 ) 2 SO 4 , 67 mM Tris-HCl (pH = 8) and 0.01% Tween-20.
The PCR protocols for the gene were the following: 94
• C for 4 min 30 s, followed by 35 cycles at 94
• C for 30 s, the specific annealing temperature for each primer pair for 45 s and 72
• C during 1 min, with a final phase at 72
• C for 5 min. The annealing temperatures were 64
• C for the growth hormone gene, 67
• C for the 37LRP/p40 gene and 63
• C for the MC1R gene.
The PCR products were separated on an agarose gel (1.25%) stained with ethidium bromide (0.5 µg·mL −1 ). Then the bands were extracted from the gel and purified with a DNA Gel Extraction Kit (MILLIPORE Corporation) to be sequenced in a 3100 Avant sequencer from Applied Biosystems. The sequences were tested with Blast [1] to check that the sequenced genes corresponded to the chicken genes that we were looking for in our samples of partridges.
BioEdit [10] software was used to align the resulting sequences with CLUSTALW multiple alignment and its posterior analysis and search for SNP. For the alignment, we used the sequences in both directions in each animal to establish a consensus sequence for each one. Then they were compared with the original sequences from the chicken.
Exonic regions of the aligned sequences were then translated into aminoacids with DNALC Bioinformatics-DNALC Nucleotide Analyser [6] . Differences between translations of partridge sequences and chicken sequences were then analysed. 
RESULTS
The results of the total sequences analysed from GH, 37LRP/p40 and MC1R genes are shown in Table II . The number of SNP between Alectoris and Gallus were obtained when a base nucleotide was common to both species of Alectoris and that nucleotide was different in Gallus gallus.
The growth hormone gene was sequenced in 50 partridges. A nucleotide change in 17 positions and 4 indels was observed when comparing the chicken sequence with the consensus sequence from both partridge species (Fig. 2) . Between the red-legged partridge and the chukar partridge there were two interspecific SNP at positions 61 and 156 (Fig. 2 ). There were also differences among A. chukar from different geographic locations. For the growth hormone gene, the compared sequence was an intron.
The 37LRP/p40 gene was sequenced in 50 birds. Fourteen SNP among the chicken and the partridge and 18 indels were located (Fig. 2) . When comparing A. rufa with A. chukar, we did not obtain any interspecific SNP. There were some differences depending on the origin of the partridges. For this gene in the exonic region (1 to 89 and 300 to 311 from Fig. 2 ) there is only one SNP that corresponds to G → A in position 38 (Fig. 2) , but it had the same translation (glutamin).
Finally, the MC1R gene was sequenced in 50 animals. Eight SNP were located when comparing partridge sequences with those of the chicken (Fig. 2) . Three to five changes differentiate the partridge sequence from the various chicken sequences available in GenBank The nucleotide sequences data reported in this paper have been submitted to the GenBank nucleotide sequence database and have been assigned the Accession Numbers: AY606819, AY606820, AY606821, AY606822, AY762966 and AY762967.
DISCUSSION
The gene sequences of the growth hormone, 37LRP/p40 and MC1R of the chicken were quite different from the partridge, with 57 different positions (including indels), out of 851 bp studied and it could be due to the nature of the amplicons (mainly introns). The most abundant SNP were transitions (T → C, A → G, C → T and G →A from most to least frequent) which made up 61.54% of all the SNP between these species.
Although many SNP have been found between the chicken and partridge when comparing translations of exonic regions (part of 37LRP/p40 and MC1R genes), there are no differences and proteins would be the same. This occurs when the comparison of the partridge MC1R gene is made with the chicken MC1R-e+ allele that is the most similar to it. Most SNP (30 out of 39) are in intronic regions as we expected.
Regarding the red-legged and chukar partridge, there were two interspecific SNP out of 851 base pairs sequenced (total rate of 1 SNP/ 425 pb), which can be used to differentiate between these species. These variations were transitions. Although SNP between chickens and partridges have been found in the three genes, only SNP in the GH gene can be used to distinguish between red-legged and chukar partridges. The genetic variability that we found in the Alectoris rufa population or in the A. chukar population is individual variation and it can not be considered for the identification of real SNP between both Alectoris species or between Alectoris and Gallus.
The results provide some information about the sequencing of the chukar partridge and red-legged partridge and help to create a point of reference to identify individual partridges as a species via their DNA using interspecific SNP in order to avoid repopulating with chukar individuals or wrong labelling of partridge products. In order to amplify this study, SNP genotyping by real time PCR could be developed for the practical use of the SNP detected.
This could be an important way to help red-legged partridge conservation because according to laws it is compulsory to repopulate with pure red-legged partridges and it is an ecologically important species as well.
In the same way, the techniques described here can be used efficiently in evolutionary bird studies.
